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LITHIUM-ION BATTERY CHARGER 
POWER LIMITATION METHOD 

TECHNICAL FIELD 

This invention relates to Wireless communications 
devices, and more particularly to lithium-ion battery charg 
ers for Wireless communications devices. 

BACKGROUND 

Conventional battery chargers for Wireless communica 
tions devices typically charge a battery using a tWo-step 
charging process. Initially, a constant current is supplied to 
the battery. Once the battery voltage increases to a prede 
termined level, the charging current into the battery is 
permitted to vary While the battery voltage is held constant. 
The battery charger includes charge control components that 
typically vary a controlled impedance in series With the 
battery to control the charging of the battery. 
Aproblem With conventional battery chargers is that the 

controlled impedance may dissipate an excessive amount of 
poWer during the early stages of constant current charging, 
depending on the discharge state of the battery. A discharged 
battery has a relatively loW terminal voltage compared to a 
fully charged battery. Therefore, during the early stages of 
constant current charging a higher voltage is impressed 
across the controlled impedance, resulting in increased dis 
sipation. The increased dissipation leads to reduced reliabil 
ity and possible failure of the controlled impedance. 

SUMMARY 

A method of charging a battery from a poWer source is 
provided. The method includes providing a charge circuit in 
series With the battery and the poWer source. A charging 
current ?oWing to the battery and a voltage across the charge 
circuit are sensed. The poWer dissipated in the charge circuit 
is computed based on the charging current and the voltage 
across the charge circuit. During a ?rst operating mode, the 
charging current is controlled so that the poWer dissipated in 
the charge circuit is about a predetermined maXimum dis 
sipation. During a second operating mode, the charging 
current is limited to a predetermined current level. During a 
third operating mode, the charging current is controlled so 
that the battery voltage is about a predetermined voltage 
level. 

The details of one or more embodiments of the invention 
are set forth in the accompanying draWings and the descrip 
tion beloW. Other features, objects, and advantages of the 
invention Will be apparent from the description and 
draWings, and from the claims. 

DESCRIPTION OF DRAWINGS 

FIG. 1 illustrates a block diagram of an embodiment of a 
battery charger in accordance With the principles of the 
invention; 

FIG. 2 illustrates Waveforms associated With an embodi 
ment of a battery charger in accordance With the principles 
of the invention; and 

FIG. 3 illustrates a method of charging a battery in 
accordance With the principles of the invention. 

Like reference symbols in the various draWings indicate 
like elements. 

DETAILED DESCRIPTION 

Referring to FIG. 1, a battery charger 10 in accordance 
With the principles of the invention is shoWn. The battery 
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2 
charger 10 controls the How of a charging current from a 
poWer source 12 to a battery 14. The battery charger 10 
provides at least tWo operating modes With a closed loop 
control scheme to control dissipation in the charging com 
ponents While minimiZing the charge time of the battery 14. 
A charge regulation circuit 16 having a controllable 

impedance connected in series With the poWer source 12 and 
battery 14 controls the How of charging current in response 
to a charge control signal. Increasing the impedance of the 
charge regulation circuit 16 causes a decrease in the How of 
charging current. Likewise, decreasing the charge regulation 
circuit impedance causes an increase in the charging current. 
The charge regulation circuit 16 may be any controllable 
sWitch such as PNP and NPN BJTs, MOSFETs, integrated 
gate bipolar transistors (IGBTs), and modulation conductiv 
ity transistors (MCTs). 
A current sense circuit 18 connected in series With the 

battery 14 generates a current sense signal that is represen 
tative of the current ?oWing through the battery 14. Those 
skilled in the art Will recogniZe that the current sense circuit 
18 may also be connected in series With either the charge 
regulation circuit 16 or the poWer source 12 to change the 
impact of errors in the current measurement caused by shunt 
currents ?oWing to peripheral circuits. The current sense 
circuit may be any circuit for sensing current such as a 
resistor, a Hall effect device, and a magneto-resistive circuit. 

Acontrol circuit 20 generates the charge control signal for 
controlling the charge regulation circuit 16. The control 
circuit 20 generates the charge control signal based on the 
sensed current and the voltage across the charge regulation 
circuit 16. A detailed description of the control scheme 
implemented in the control circuit 20 Will be presented in a 
later section of this speci?cation. 

In one embodiment, the control circuit 20 is implemented 
in a digital circuit including an A/D 22, a CPU 24, a memory 
25, a D/A 26, and a buffer 28. Those skilled in the art Will 
recogniZe that the control circuit may also be implemented 
in other types of circuits such as analog and miXed signal 
circuits. 
The A/D 22 converts the sensed signals representing 

voltages and currents to digital signals to be processed by the 
CPU 24. The sensed signals include the current sense signal 
and the voltage signals representing the charging voltage 
from the poWer source 12 and the battery voltage. Instead of 
digitiZing both voltage signals, a differential ampli?er may 
be used to combine the charging voltage signal and the 
battery voltage signal into a charge circuit signal that rep 
resents the voltage across the charge regulation circuit 16. 
The charge circuit signal is then converted to a digital signal. 
The CPU 24 eXecutes a series of instructions stored in the 

memory 25 to implement the control scheme and generate a 
digital control signal. The CPU 24 may be any knoWn 
processor such as uProcessors and uControllers. 

The D/A 26 uses Well knoWn techniques to convert the 
digital control signal to an analog signal that is suitable for 
driving the charge regulation circuit 16. A buffer 28 may 
optionally be coupled betWeen the D/A 26 and the charge 
regulation circuit 16 to provide voltage level shifting or 
decreased source impedance to improve circuit response. 

Referring to FIG. 2, Waveforms associated With an 
embodiment of the invention are shoWn. A voltage Wave 
form 50 shoWs the battery voltage increasing as the battery 
is charged from the discharged state to a charged state. The 
voltage across the charge regulation circuit 16 is approxi 
mately equal to the charging voltage minus the battery 
voltage (neglecting losses in the current sense circuit 18 and 
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interconnect losses). Since the charging voltage is about 
constant, When the battery voltage is at a minimum voltage, 
the voltage across the charge regulation circuit 16 is at a 
maximum. A current Waveform 52 shoWs the current ?oW 
ing through the battery 14. ApoWer Waveform 54 shoWs the 
poWer dissipated in the charge regulation circuit 16. The 
poWer dissipated is equal to the current ?oWing through the 
charge regulation circuit 16 times the voltage across the 
voltage regulation circuit 16. A dashed Waveform 56 illus 
trates the poWer dissipation in the charge regulation circuit 
of conventional battery chargers. As depicted by the Wave 
forms 50—54, there are three operating modes in the illus 
trated embodiment; a constant poWer mode folloWed by a 
constant current mode and a constant voltage mode. 

During constant poWer mode the poWer dissipated in the 
charge regulation circuit 16 is limited to a predetermined 
poWer level such as the maximum alloWed dissipation in the 
charge regulation circuit 16 or a loWer poWer level at Which 
heating of the battery charger 10 is reduced to enhance user 
comfort When the battery charger 10 is included in an 
assembly such as a Wireless device. The charge regulation 
circuit poWer dissipation is limited by operating the charge 
regulation circuit 16 in the active region to vary the imped 
ance in series With the poWer source 12 and battery 14, 
Which controls the How of current to the battery 14. When 
the poWer dissipated in the charge regulation circuit 16 
decreases to less than the predetermined poWer level, the 
battery charger 10 transitions into constant current mode. 

During constant current mode, the current ?oWing 
through the battery 14 is regulated to a predetermined 
maximum current level that is a function of the battery 
charge characteristics such as ambient temperature, battery 
siZe, and battery type. Once the battery voltage increases to 
the steady-state voltage level, the battery charger transitions 
to the constant voltage mode. 

During constant voltage mode, the amount of charge 
current is controlled to maintain a relatively constant voltage 
across the battery 14. The battery charger 10 remains in 
constant voltage mode as long as the battery 14 is attached 
or until a load is impressed on the battery 14 causing the 
battery voltage to decrease to less than the steady-state 
voltage. 

Referring to FIG. 3, an operating process of an embodi 
ment of the invention is shoWn. Beginning at state 60, the 
approximate poWer dissipation, Pd, of the charge regulation 
circuit 16 is computed from the battery current and Vchg 
minus Vbat. Continuing on to state 62, the computed poWer 
dissipation is compared to the predetermined maximum 
poWer dissipation level. If the computed poWer dissipation 
is greater than Pmax, the battery charger 10 operates in 
constant poWer mode. In constant poWer mode, the process 
proceeds to state 64 Where the charging current, Ichg, is 
adjusted so that Pd approximately equals Pmax. The process 
then returns to state 60 to again compute the poWer dissi 
pation in the charge circuit 16. The process remains in the 
constant poWer mode loop until Pd is less than Pmax. 

Returning to state 62, When Pd is less than the predeter 
mined maximum poWer dissipation level, the process con 
tinues on to state 66. At state 66 the battery voltage, Vbat, 
is compared to the predetermined steady-state voltage level, 
Vss. If the battery voltage is greater than Vss, the battery 
charger 10 operates in constant voltage mode. In constant 
voltage mode, the process continues on to state 68, in Which 
the charging current, Ichg, is adjusted so that Vbat approxi 
mately equals Vss. The process then returns to state 60 to 
again compute the poWer dissipation in the charge circuit 16. 
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The process remains in constant voltage looping through 
states 60, 62, 66, and 68 until Vbat is less than Vss. 

Returning to state 66, if Vbat is less than Vss, the battery 
charger 10 operates in the constant current mode. In constant 
current mode, the process continues on to state 70. In state 
70 the charging current is controlled to be approximately 
equal to the predetermined maximum charging current, 
Imax. The process remains in constant current, looping 
through steps 60, 62, 66, and 70 until either the Pd is greater 
than Pmax, or Vbat is greater than Vss. 
A number of embodiments of the invention have been 

described. Nevertheless, it Will be understood that various 
modi?cations may be made Without departing from the spirit 
and scope of the invention. In particular, those skilled in the 
art Will recogniZe that the steps of the process may be 
interchanged as Well as executed in parallel. Accordingly, 
other embodiments are Within the scope of the folloWing 
claims. 
What is claimed is: 
1. A method of charging a battery from a poWer source, 

comprising: 
providing a charge circuit in series With the battery and 

the poWer source; 
sensing a charging current ?oWing to the battery; 
sensing a voltage across the charge circuit; 
computing poWer dissipated in the charge circuit based on 

the charging current and the voltage across the charge 
circuit; 

during a ?rst operating mode, controlling the charging 
current such that the poWer dissipated in the charge 
circuit is about a predetermined maximum dissipation; 

during a second operating mode, limiting the charging 
current to a predetermined current level; and 

during a third operating mode, controlling the charging 
current such that a terminal voltage of the battery is 
about a predetermined voltage level. 

2. The method of claim 1 Wherein sensing the voltage 
across the charge circuit includes sensing a voltage level of 
the battery and a voltage level of the poWer source. 

3. The method of claim 2, further comprising: 
digitiZing signals representing the charging current and 

the voltage across the charge circuit; 
generating a digital control signal based on processing the 

digitiZed signals; and 
converting the digital control signal to an analog control 

signal for controlling the charge circuit. 
4. The method of claim 3 Wherein the predetermined 

maximum dissipation is based on the operating characteris 
tics of the charge circuit. 

5. A battery charger for charging a battery from a poWer 
source, comprising: 

a charge circuit in series With the poWer source and the 
battery, the charge circuit, controllable in response to a 
charge control signal, to control charging current ?oW 
ing betWeen the battery and the poWer source; 

a current sense circuit in series With the battery, to 
generate a current sense signal representative of the 
charging current; and 

a control circuit to generate the charge control signal in 
response to the current sense signal and a ?rst voltage 
signal representative of voltage across the charge 
circuit, the control circuit including at least tWo oper 
ating modes; 

during a ?rst mode of the at least tWo operating modes, 
controlling the charging current such that the poWer 
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dissipated in the charge circuit is about a predetermined 
maximum dissipation in response to the charge control 
signal computed by using the current sense signal and 
the ?rst voltage signal; and 

during a second mode of the at least tWo operating modes, 
limiting the charging current to a predetermined current 
level. 

6. The battery charger of claim 5 Wherein the charge 
circuit is selected from the group of PNP transistors, 
P-channel MOSFETs, NPN transistors, and N-channel 
MOSFETs. 

7. The battery charger of claim 6 Wherein the current 
sense circuit is selected from the group of current sense 
resistors, Hall effect devices, and magneto-resistive circuits. 

8. The battery charger of claim 7 Wherein the control 
circuit includes: 

an A/D to digitiZe the current sense signal and the ?rst 
voltage signal; 

a CPU to generate a digital control signal computed form 
the digitiZed current sense signal and ?rst voltage 
signal; and 

a D/A to convert the digital control signal to the charge 
control signal. 

9. The battery charger of claim 8 Wherein the control 
circuit further includes a buffer coupled betWeen the D/A 
and the charge circuit. 

10. The battery charger of claim 7 included Within a 
Wireless device. 

11. The battery charger of claim 10 Wherein the Wireless 
device is a cellular phone. 

12. The battery charger of claim 5 further including a 
differential ampli?er to generate the ?rst voltage signal from 
a second voltage signal representative of the poWer source 
voltage and a third voltage signal representative of the 
battery voltage. 

13. Abattery charger for charging a battery from a poWer 
source, comprising: 
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a charge circuit in series With the poWer source and the 

battery, the charge circuit, controllable in response to a 
charge control signal, to control charging current ?oW 
ing betWeen the battery and the poWer source; 

a current sense resistor in series With the battery, to 
generate a current sense signal representative of the 
charging current; 

a control circuit to generate the charge control signal in 
response to the current sense signal and a ?rst voltage 
signal representative of voltage across the charge 
circuit, the control circuit including; 

an A/D to digitiZe the current sense signal and the ?rst 
voltage signal; 

a CPU to generate a digital control signal computed form 
the digitiZed current sense signal and ?rst voltage 
signal; 

a D/A to convert the digital control signal to an analog 
signal; and 

a buffer coupled betWeen the D/A and the charge control 
circuit to generate the charge control signal from the 
analog signal; 

the control circuit having at least tWo operating modes; 
during a ?rst mode of the at least tWo operating modes, 

controlling the charging current such that the poWer 
dissipated in the charge circuit is about a predetermined 
maXimum dissipation; and 

during a second mode of the at least tWo operating modes, 
limiting the charging current to a predetermined current 
level. 

14. The battery charger of claim 13 further including a 
differential ampli?er to generate the ?rst voltage signal from 
a second voltage signal representative of the poWer source 
voltage and a third voltage signal representative of the 
battery voltage. 


